Congenital toxoplasmosis occurs when Toxoplasma gondii, an obligatory intracellular protozoan, reaches the foetus transplacentally. More than 90% of pregnant women who acquire a primary infection during gestation are asymptomatic (Montoya & Rosso 2005) . T. gondii infection can be acquired by ingesting sporulated oocysts found in dirt, sand and food, or ingesting tissue cysts found in raw or rare pork, lamb or sheep (Frenkel 2002) .
In general, among all pregnant women who acquire an infection for the first time, 61% will not transmit it to the foetus: 26% of cases will present foetus with subclinical infection and 13% will present clinical infection (7% severe infection and 6% mild infection) (Dunn et al. 1999) . Identifying the gestational age at primary infection is crucial for the clinical management of pregnant women, since the severity of toxoplasmosis for the foetus decreases and the transmission rate increases with increasing gestational age (Beguetto et al. 2003) . In the United State, rates of congenital toxoplasmosis have been estimated between one per 10,000 and 10 per 10,000 live births each year (Lopez et al. 2000) .
Toxoplasmosis is usually diagnosed based on the detection of specific IgG and IgM antibodies; however, the inclusion of other parameters such as IgG avidity, IgA, and IgE tests and polymerase chain reaction is fundamental for a conclusive diagnosis of toxoplasmosis during pregnancy (Jones et al. 2003) . Therefore, laboratory diagnosis poses a challenge for health care professionals not only because of the complexity in the interpretation of these markers, but also because modern laboratory techniques are not always available in the national public health care system (Mozzatto & Procianoy 2003) .
The aim of this study was to evaluate associations between seropositivity for IgG and IgM anti-T. gondii antibodies and socio-economic and environmental variables in women in the first trimester of pregnancy in the Basic Health Units of Londrina, state of Paraná (PR), Brazil.
SUBJECTS, MATERIALS AND METHODS

This study was approved by the Research Ethical
Committee from Londrina State University, under number 047/05. Pregnant women who had pre-natal checkups in all Basic Health Units and were in the first trimester of pregnancy were included following their free and informed consent. Samples were collected between May-December 2006 (with a gap between August-November due to a strike in the public health service of the city). A total of 492 blood samples were submitted for the measurement of anti-T. gondii IgG and IgM antibodies by the Municipal Central Laboratory.
In order to determine the size of the sample population, it was estimated that the Basic Health Units of Londrina attend 5,000 pregnant women each year. This number was obtained based on data provided by the Municipal Health Office of Londrina. Using an expected Samples were considered IgG reactive when the antibody concentration was greater than or equal to 8.8 UI/ mL, non-reactive when the concentration was less than 7.2 UI/mL, and undetermined when the concentration was between 7.2 and 8.8 UI/mL. Samples were considered reactive for IgM when the antibody concentration was greater than or equal to 8.0 UA/mL, non-reactive when the concentration was less than 6.0 UA/mL, and undetermined when the concentration was between 6.0 and 8.0 UA/mL. In order to confirm the undetermined results, new samples were collected after 15 days.
Samples that were reactive to both anti-T. gondii IgG and IgM were sent to the Clinical Immunology Laboratory of University Hospital of Londrina State University (HU-UEL) in order to confirm acute infection using an IgG avidity test. A semi-quantitative titre of anti-T. gondii IgG antibodies was also determined by IFAT (Camargo 1974) .
In order to determine the sociodemographic characteristics that could be associated with T. gondii infection, each pregnant woman answered a questionnaire with information about pregnancy, eating and hygiene habits, in addition to social-economic variables. Information was stored and analyzed in the EpiInfo program (Dean et al. 1994 ). Chi-squared or Fisher Exact tests, when appropriate, were used to verify the statistical significance and the Odds Ratio (OR) as a measure of the association between toxoplasmosis infection and other variables studied. A significance level of 5% was used in this study. In order to evaluate the independent association of the factors evaluated, a multivariate regression analysis of factors with p < 0.20 in the bivariate analysis was applied.
RESULTS
The prevalence of specific anti-T. gondii IgG was of 49.2% (CI 95%: 44.7-53.6%) ( Table I ). In that group, six women (1.2%) were found to be IgM reactive. The average age of all pregnant women was 25.7 ± 6.7 years.
Data from the evaluated sociodemographic characteristics that could be associated with the serological results for anti-T. gondii antibodies are presented in Table  II . Variables such as age group (p = 0.033), education level (p < 0.001), per capita income (p < 0.001), presence of cats (p = 0.004) and habit of eating vegetables (p = 0.003) that showed significant association with the presence of IgG antibodies were analyzed in the multivariate logistic regression model (Table III) .
DISCUSSION
The prevalence of anti-T. gondii IgG antibodies observed in this study (49.2%) is in agreement with previous seropositivity data reported in Brazil, which has varied from 31% in pregnant women from Caxias do Sul, state of Rio Grande do Sul (RS), Southern Brazil, up to 91.6% in pregnant women from Mato Grosso do Sul, Central Western region of Brazil (Detanico & Basso 2006 , Figueiró-Filho et al. 2007 ). According to Buffolano (2008) , climate plays an indirect role in allowing more (in the case of a moist and hot climate) or less (in the case of a dry and cold climate) survival of oocysts in the environment.
The number of cases of IgM reactivity, observed in 10 women (2.0%), was greater than that (0.4%) found by Figueiró-Filho et al. (2007) in pregnant women from the Central Western region of Brazil, using an enzymelinked immunosorbent assay (ELISA). On the other hand, our results were similar to those found by Reiche et al. (2000) , who observed 1.8% IgM seropositivity using an ELISA method in women at the University Hospital in the city of Londrina, PR, during the period from 1996-1998. However, these results are lower than those found by Detanico and Basso (2006) (5.5%) in pregnant women from Caxias do Sul, RS, Southern region of the country, by using enzyme linked fluorescent assay.
Currently, IgM serological tests show high sensitivity and are able to detect very low concentrations of this immunoglobulin. Seropositivity for IgM antibodies can persist for several months or even years after seroconversion; therefore, the IgM titre cannot be used by itself as a reliable marker of acute infection (Liesenfeld et al. 2001) . Further testing for an elevated or rising IgG level, low IgG avidity, positive IgA antibodies, or a combination of these is suggested in women showing IgG and IgM seropositivity in their first prenatal test. None of these tests reliably determines the timing of parasitaemia, and furthermore, sequential use of highly sensitive IgM assays and methods for examining IgG avidity or stage specificity in the first 12 weeks gestational age could reasonably exclude post-conceptional infection in an expectant mother (Buffolano 2008) .
Six (1.2%) reactive IgG and IgM samples showed strong avidity, indicating infection in the past four months. Since all pregnant women taking part in this study were in their first trimester of pregnancy when routine serology for toxoplasmosis was performed, this result suggests infection prior to conception and, therefore, minimal risk of congenital infection. In one of these patients, though, the IgG titre was 1:16.000 by IFAT, indicating a possible recent infection. This was the only pregnant woman directed to specific treatment for toxoplasmosis in the reference hospital in the region. This result shows the importance of quantifying antibody levels, mainly IgG, for the definition of acute cases.
Four other samples (0.8%) were reactive for IgM and non-reactive for IgG. These pregnant women underwent a new serologic evaluation after 15 days, with the same diagnostic tests, and presented the same results, suggesting false positive or non-specific IgM antibodies. This demonstrates the importance of confirming previous se- ropositivity results. A thorough analysis of IgM results is very important to avoid exposing both the mother and the foetus to unnecessary procedures such as treatment and amniocentesis, which can be harmful for both. When considering age group, the prevalence of IgG antibodies in our study population increased with age (from 31-48 years old). Despite regional differences -whether due to environment, cultural and/or eating habits -similar results were found by Spalding et al. (2005) in pregnant women in RS. This can be explained by the increase of exposure to infection sources throughout life.
Pregnant women with a low per capita income (< R$150.00) and a low education level (complete or incomplete 1st grade corresponding to a basic education) had greater risk of infection with T. gondii. Similar findings were reported by Avelino et al. (2004) , where pregnant women from Goiânia, state of Goiás (GO), in the Central Western region of Brazil, with a lower education level and low income (less than two minimum wages) showed a greater chance of acquiring toxoplasmosis. Varella et al. (2003) reported that, among all variables studied, the one carrying the greatest risk for toxoplasmosis was an education level less than nine years (OR = 2.2). Liu et al. (2009) studied 235 pregnant women in Changchun, China, and found that a low education level was a risk factor for toxoplasmosis. These results underscore the importance of investing in education as a means of promoting health among the population.
The presence of cats in the homes of the pregnant women was also associated with a greater chance of infection by T. gondii. Avelino et al. (2004) analyzed groups of pregnant and non-pregnant women in Goiânia, GO, and verified that the presence of a cat was a risk factor only for pregnant women. The authors declared that having a cat at home, by itself, was not enough to increase the risk of acquiring a T. gondii infection. According to Dubey (2000) , direct contact with cats is irrelevant for T. gondii transmission; therefore, that study only evaluated the presence of cats in the environment, which could lead to soil contamination.
A habit of eating raw vegetables was also considered to be a factor associated with a greater chance of T. gondii infection. Our findings are in agreement with those reported by Avelino et al. (2004) in pregnant women from Goiânia, GO.
Despite Cook et al. (2000) having reported that the consumption of raw or rare meat was an important risk factor for toxoplasmosis in pregnant women, this variable was not significant in the present study. It was also not significant in the study carried out by Avelino et al. (2004) . These contradictory results could be explained by the drastic reduction of the prevalence of toxoplasmosis in the swine population in the Northern region of PR, one of the most important species in the transmission of toxoplasmosis to the human population in Brazil (Vidotto et al. 1990 , Tsutsui et al. 2003 , Olbrich-Neto & Meira 2004 , Carletti et al. 2005 , Dias et al. 2005 ). This reduction likely occurred as a result of increased technology and sanitary improvements adopted on swine farms over the last 15 years.
There was no significant association of T. gondii infection with either the habit of manipulating dirt and sand by pregnant women or the presence of a vegetable garden at home. These data differed from the results of Spalding et al. (2005) in pregnant women in RS, where contact with soil was the greatest risk factor associated with T. gondii infection.
These differences in factors associated with infection underscore the need for regional studies in order to determine epidemiologic and sociodemographic characteristics specific for each population, allowing the development of targeted methods for control and prophylaxis for toxoplasmosis. This study revealed high seropositivity for IgG antibodies for toxoplasmosis in pregnant women (49.2%); however, 50.8% of women studied were susceptible during pregnancy. Age, low per capita income, low education level, the presence of cats in the home and ingestion of raw vegetables were all factors associated with a greater risk of T. gondii infection.
